Context. The positron (e + ) annihilation γ-ray signal in the Milky Way (MW) shows a puzzling morphology: a very bright bulge and a very low surface-brightness disk. A coherent explanation of the e + origin, propagation through the Galaxy and subsequent annihilation in the interstellar medium has not yet been found. Tentative explanations involve e + s from radioactivity, X-ray binaries, and dark matter (DM). Aims. Dwarf satellite galaxies (DSGs) are believed to be DM-dominated and hence are promising candidates in the search for 511 keV emission as a result of DM annihilation into e + e − -pairs. The goal of this study is to constrain possible 511 keV γ-ray signals from 39 DSGs of the MW and to test the annihilating DM scenario. Methods. We use the spectrometer SPI on INTEGRAL to extract individual spectra for the studied objects in the range 490-530 keV. As the diffuse galactic 511 keV emission dominates the overall signal, the large scale morphology of the MW has been modelled accordingly and was included in a maximum likelihood analysis. Alternatively, a distance-weighted stacked spectrum has been determined, representing an average DSG seen in 511 keV. Results. Only Reticulum II (Ret II) shows a 3.1σ signal. Five other sources show tentative 2σ signals. The mass-to-511 keVluminosity-ratio, Υ 511 , shows a marginal trend towards higher values for intrinsically brighter objects, opposite to the mass-to-lightratio, Υ V in the V-band, which is generally used to uncover DM in DSGs. Conclusions. All derived 511 keV flux values or upper limits are above the flux level implied by a DM interpretation of the MW bulge signal. The signal detected from Ret II is unlikely to be related to a DM origin alone, otherwise, the MW bulge would be ∼ 100 times brighter in 511 keV than what is seen with SPI. Ret II is exceptional considering the DSG sample, and rather points to enhanced recent star formation activity, if its origins are similar to processes in the MW. Understanding this emission may provide further clues regarding the origin of the annihilation emission in the MW bulge.
Introduction
It has been proposed that the 511 keV morphology of the Milky Way (MW), originating in the annihilation of electrons (e − s) with positrons (e + s), seen by INTEGRAL (Winkler et al. 2003) , could be related to the decay or annihilation of dark matter (DM) particles Ascasibar et al. 2006) . From theoretical considerations it was suggested that when light DM particles (1 MeV c −2 m χ 100 MeV c −2 ) annihilate or decay, they could produce e + s with low kinetic energies of ∼MeV Hooper et al. 2004; Picciotto & Pospelov 2005; Beacom & Yüksel 2006; Gunion et al. 2006; Pospelov et al. 2008; Boehm & Silk 2008) . The annihilation of these e + s with e − s from the interstellar medium (ISM) would lead to the signature that was measured by the spectrometer SPI (Vedrenne et al. 2003) on INTEGRAL.
The galactic diffuse large-scale 511 keV emission that was measured with balloon-flight experiments (e.g. Leventhal et al. E-mail: tsiegert@mpe.mpg.de 1978) and with SPI (Knödlseder et al. 2005; Bouchet et al. 2010; Skinner et al. 2014 ) was found to be concentrated towards the bulge region of the MW, reminiscent of a DM halo profile. However, other -less exotic -sources may also explain this signal (see Prantzos et al. 2011, for a review) .
If the entire bulge annihilation radiation originates from DM particles, the apparently DM-dominated dwarf satellite galaxies (DSGs) of the MW should also emit a measurable 511 keV signal Simon & Geha 2007; Strigari et al. 2008b) . Based on cold dark matter (CDM) cosmology and the corresponding galaxy formation model (see e.g. White & Rees 1978; Springel et al. 2005; Moster et al. 2013) , the satellite galaxies of the MW must be DM-dominated (Mateo 1998; Strigari et al. 2008a; McConnachie 2012) .
A good test of the annihilating DM hypothesis is thus to check in cumulative INTEGRAL data for a consistent 511 keV brightness from the known satellites of the MW, depending on their DM content and distance. Cordier et al. (2004) could not be detected, and a 2σ upper limit on the 511 keV flux of 2.5 × 10 −4 ph cm −2 s −1 was established. They could neither exclude nor corroborate DM as the cause of the 511 keV emission in the MW because the upper limit from Sag compared to the MW bulge flux was not constraining enough. However, this is based on the assumption that the whole 511 keV emission in the bulge of the MW arises from annihilating DM.
In this work, we extend and refine these previous studies, using more than ten years of INTEGRAL/SPI data covering the full sky. We report a new search for point-like 511 keV line emission at the positions of 39 DSGs of the MW within 500 kpc in order to provide new constraints on a DM origin of the galactic positron signal. We also report on the discovery of a tentative signal in the Reticulum II dwarf galaxy.
Data and their Analysis
2.1. Data Set, Background Model, and Celestial Large-Scale Emission
The data that we analysed in this work were taken between 12 Dec 2002 and 7 Apr 2013 with the spectrometer SPI on ESA's INTEGRAL satellite, and are identical to the data set of Siegert et al. (2016, hereafter Paper I) . Therefore, we refer to this paper for detailed information on the data selection and analysis procedure. In total, 73590 pointings with an overall exposure time of 160 Ms were analysed. We show the exposure map in Fig. 1 , together with the positions of the 39 investigated DSGs. We used the maximum likelihood method to compare the measured data to models of celestial emission and background. In particular, the modelled time-patterns for each model component (see below) are fitted to the measured time-pattern of the data by maximising the likelihood of the data, i.e. estimating intensity scaling parameters for each sky and background component individually. In this maximum likelihood method, we account for photon count statistics being Poisson-distributed, and use the Cash statistic (Cash 1979) for measured data d k and modelled data m k = i θ i M ik with model components M ik for instrumental backgrounds and celestial signals (see Paper I for more details):
where θ i are the individual intensity scaling parameters. By using the Cash statistic, the corresponding model m k is positive definite in any case, avoiding an issue of negativity in data d k that may occur if simple background subtraction would be applied instead. The goodness of fit for the baseline model was shown to be sufficient in Paper I. Instrumental background is modelled by a self-consistent description of the data, treating instrumental line and continuum backgrounds separately (see Paper I). The focus of this work is to search for additional point-like 511 keV e + annihilation γ-ray signals beyond the diffuse large-scale emission. The overall emission from annihilating e + s in the MW dominates the signal and hence a large scale emission model is needed to avoid possible falsely attributed emission. We adopt the large-scale emission model of Paper I which describes the Galaxy in 511 keV well through an empirical six-component model, made of 2D-Gaussians with different positions and sizes mapped onto the sky. In particular, this model consists of three extended components, which describe the inner Galaxy (narrow and broad bulge, respectively), and a thick low surface-brightness disk. Additionally, in the centre of the Galaxy, a point-like source is included (Skinner et al. 2014; Siegert et al. 2016) . The two strongest continuum sources, the Crab and Cygnus X-1, are additional components of this model. We use these model components as a baseline model and superimpose the additional 39 DSGs, modelled as point-sources (see below), at their visible positions in the sky, while still allowing each baseline model components to vary in intensity, independently.
The background scaling parameters and the six celestial scaling parameters from Paper I were re-determined in the maximum likelihood parameter estimation to account for possible enhanced contributions from the DSGs.
Emission from Satellite Galaxies
The focus of our study is to search for 511 keV gamma-ray line signals which are produced when e + s find e − s to annihilate with 1 , either free or bound in atoms. The emissivity of 511 keV photons produced per unit time is driven by the annihilation conditions in the MW or in DSGs. These conditions include the number densities of e + s and H-atoms as well as the ionisation fraction of H in the galactic ISM. While these number densities are large in the MW, there is no observational indication yet that there are similar large number densities in DSGs. This is unsurprising, as most of these objects contain only a small number of stars. In what follows, we nonetheless assume the number densities of Hatoms, or free electrons in the ISM of each dwarf galaxy to be large enough for each e + -population to efficiently annihilate and produce a 511 keV line.
For simplicity, we assume the annihilation signals from DSGs to be point-like. If the signal is indeed from DM annihilation, the annihilation rate is proportional to the integral of the DM density squared over the line-of-sight (J-factor)
where the first integral is over the solid angle of the region of interest, and the second is over the line of sight, characterising
1 When e + s find e − s, the resulting spectrum depends on the kinetic energies of the particles. Below a threshold of 6.8 eV, e − s and e + s can form an intermediate bound state, the positronium atom, which decays to either two 511 keV photons, or three continuum photons, distributed between 0 and 511 keV, see Ore & Powell (1949) . the distribution of annihilating DM in an astrophysical system. Typical dark matter density profiles follow a power law in the inner regions, ρ(r) ∝ r −γ (Burkert 1995; Navarro et al. 1996; Merritt et al. 2006 ) with 0 < γ 2. The ρ 2 dependence of the J-factor thus yields a very sharply peaked signal, in most cases. Generally, compilations of dwarf galaxy J-factors in the literature (e.g. Ackermann et al. 2014; Evans et al. 2016 ) yield regions of interest that are smaller than the imaging resolution of SPI ∼ 2.7
• , so that the point-like assumption is adequate. For example, the imaging resolution of SPI encompasses a physical region of more than 400 pc for the closest DSG in our sample, Canis Major (CMa), at a distance of 9 kpc.
Our input catalogue of all 2 DSGs near the MW within 500 kpc holds 39 individual candidate sources. We use the baryonic centres of the DSGs as the positions of the point-sources, see Tab. 1. This leads to 39 additional intensity scaling parameters θ i in the model fit to the observed data. These sources are at least separated by more than the imaging resolution of SPI (2.7
• ), and thus the correlation between them (source confusion) is usually negligible. Exceptionally "close pairs" (see Fig. 1 ) are CVn I -CVn II (6.5
• ), Leo I -Seg 1 (3.8
• ), and Boo I -Boo II (1.7
• ), so that the flux values derived from the latter pair only should be considered with caution.
For each galaxy, an individual spectrum in the range 490-530 keV was extracted. Then, in each spectrum, we determined the flux of annihilation emission separately. Due to the individually low signals, we additionally consider an alternative stacking approach for a DM hypothesis test. In this case, instead of deriving 39 individual spectra, we fix their relative fluxes according to their distances, assuming the same mass for all DSGs (Strigari et al. 2008a ). This obtains a spectrum for a reference DSG at a chosen distance of D 0 = 100 kpc. The resulting spectrum, however, would be dominated by the closest galaxy as the flux is proportional to the inverse distance squared, and may also be confused by the diffuse emission in the galactic plane and bulge, due to their partial correlation in the maximum likelihood approach. We try to avoid such a bias -in the stacking procedure only -by ignoring DSGs towards the galactic plane (between |b| < 10 • ), and galaxies closer than 25 kpc. Formally, the additional (now seventh, see Paper I) sky component is described by Eq. (3)
Here L 0 is the (fitted) intrinsic mean luminosity for a basic DSG at a canonical distance of D 0 = 100 kpc, corresponding to 39 individual sources, at positions (l i /b i ) in the sky, scaled by their distances D i .
Results

Individual Sources
We first validate the emission attributed to the diffuse large-scale 511 keV emission to obtain a robust reference model with respect to possible additional sources. We find the bright bulge and faint disk, as well as the Galactic Centre Source (GCS), the Crab and Cygnus X-1 with fluxes consistent with the results reported in Paper I. The flux values for bulge, disk and GCS are (9.5 ± 0.7)×10 Jourdain et al. 2012) .
The derived spectra for each DSG near 511 keV were fitted by a Gaussian-shaped line with width fixed at 2.15 keV (instrumental resolution, FWHM) on top of a constant offset. The centroid was allowed to vary in the range 508-514 keV, corresponding to bulk motions of |v Bulk | ≈ 1750 km s −1 , to account for intrinsic movement of the satellites and statistical fluctuations. For non-positive results, a 2σ flux limit is estimated, for a line at 511 keV.
The strongest DSG signal that we find is from the position of Reticulum II (Ret II), with 3.1σ significance. Its line flux is (17.0 ± 5.4) × 10 −5 ph cm −2 s −1 . However, we caution that Ret II 511 keV emission may be too intense a signal to be interpreted as due to DM alone (see Discussion below). For the position of Sag, a 511 keV line significance of 2.3σ is found. Formally, the line flux is (2.2 ± 1.0) × 10 −5 ph cm −2 s −1 , consistent with the upper limits derived from Cordier et al. (2004) , with a now ∼100 times larger exposure at this position.
The summary of fit results for all 39 tested satellite positions is listed in Tab. 1 and illustrated in Fig. 2 . The exposure across the entire sky in this data set varies by a factor of 50 among the candidate sources, and the sensitivity changes accordingly. We empirically determine a 2σ narrow 511 keV line detection sensitivity of 5.7 × 10 −5 × 10 6 /T Exp [Ms] ph cm −2 s −1 (solid line in Fig. 2 ). Among our sample of 39 candidate sources, 17 show weak indications of annihilation signals (≥ 1σ), independent of the exposure time. Six sources show a signal with more than 2σ (Leo I, Gru I, CVn II, Sag), and two sources more than 3σ (Boo I, Ret II) statistical significance above instrumental background. The values for Boo I may be over-/underestimated due to source confusion with Boo II. Statistically, one would expect about two 2σ sources out of a sample of 39 from fluctuations of the background. Since we see six sources at a significance of at least 2σ (two expected), and 17 sources at a significance of at least 1σ (13 expected), the 511 keV signals are not consistent with background fluctuations only. On the other hand, the individual 511 keV signals per source are of too low significance to single them out, and thus we will use the full population of possible sources for further analyses (see Sec. 4.1). Furthermore, we discuss the 3.1σ signal from Ret II in Sec. 4.3, separately.
Stacked Analysis
Under the assumption that satellite galaxies share a common mass scale (Strigari et al. 2008a) , we analyse the spectra in a constrained maximum likelihood fit to search for a DM-related 511 keV signal. For this, we determine one global scaling parameter to the set of sources, which are normalised to a common flux value and then re-scaled by their distances D −2 . We estimate the total γ-ray flux in the vicinity of 511 keV that reaches us from the positions of the Milky Way satellites (see Eq.(3)), and also avoid source confusion as above. In the stacked spectrum of the satellite galaxies at a canonical distance of 100 kpc, we do not find a significant excess and provide a 2σ upper limit of the flux of 1.4×10 −4 ph cm −2 s −1 . This is based on ignoring DSGs closer than 25 kpc and DSGs in the direction of the galactic disk. Softening these restrictions by including all 39 DSGs changes this upper limit to 1.3 × 10 −4 ph cm −2 s −1 . If the assumption of an identical DSG mass is discarded, Eq. (3) gets an additional facArticle number, page 3 of 7 A&A proofs: manuscript no. 511_dsph_V1.4.5_tsiegert_arxiv If a line is not detected or appears negative, a 2σ upper limit is given (triangle). The solid line represents the 2σ sensitivity limit for a narrow line (instrumental resolution) seen with SPI at 511 keV. The (red) circles indicate sources for which the statistical significance is higher than 2σ.
tor M 2 i where M i is the dynamical mass of the DSG. For a subset of galaxies with available J-factor and dynamical mass estimates (see Tab. 1), we derive an upper limit of 2.3 × 10 −4 ph cm −2 s −1 . Under the same assumptions, with the requirement that DM annihilation explains the entire bulge signal (Vincent et al. 2012; Evans et al. 2016) , the stacked dark matter signal would yield a 511 keV flux of ∼ 2 × 10 −6 ph cm −2 s −1 .
Discussion
Mass-to-Light-Ratios
The mass-to-light-ratio Υ V = M Dyn /L V has been found to be a good indicator for DM which is believed to dominate the mass content in DSGs (Mateo 1998; Strigari et al. 2008a; McConnachie 2012) . In the top-panel of Fig. 3 , the mass-to-light ratio within the half-light radius (see references in Tab. 1) against the absolute V-band magnitude from available literature data is shown. For Pis II, Boo III, CMa, and the LMC, no dynamical mass estimate is available and we used the stellar masses as lower limits for the dynamical masses. As already shown by several studies (Mateo 1998; Strigari et al. 2008a; McConnachie 2012) , the mass-to-light-ratio shows a negative correlation with the brightness of the objects. This is counter-intuitive as naturally one would expect a nearly constant mass-to-light-ratio in the absence of dark matter, no matter how faint a galaxy is. The stellar-mass-to-light-ratio Υ * V = M * /L V indeed shows a value of ∼1.0 across the magnitude scale. But as the galaxies become fainter, Υ V rises, which indicates an unseen mass, generally interpreted as DM sub-halos. We note that also the ultra-faint dwarf galaxies (data available for Hor I and Ret II), recently detected by Koposov et al. (2015a) , nicely fit into this correlation.
Any tracer that would make DM "visible", e.g. by measuring its annihilation products, should show a similar trend. We therefore define a mass-to-positron-annihilation-luminosityratio, Υ 511 = M Dyn /L 511 , and calculate these values for our sample. In the bottom panel of Fig. 3 , we show Υ 511 for the galaxies whose flux estimates deviate from zero (at the 1σ level). For all other galaxies for which data are available, we give 2σ lower limits. Apparently, and although the data have large uncertainties, the correlation is opposite to Υ V . The reversed trend for Υ 511 versus M V is in contradiction with what is expected for a DM origin. This could have several causes:
1. The correlation is based on the high ratio derived from Sag; by neglecting this value, the rank correlation coefficient reduces from −0.35 to −0.14, but is still far from the positive correlation in the top panel. Using only signals with more than 2σ does also yield the same correlation. 2. For the visually fainter galaxies (e.g. Ret II, Hor I) seen in 511 keV, the dynamical mass estimates are 2-3 orders of magnitude lower than for the bright galaxies (e.g. Sag, For) which automatically distorts the correlation in this direction, if the signals are not significant or strong. 3. It is probably not the dynamical mass which drives the apparent correlation: As the correlation of Υ * V versus M V is completely gone, the respective correlation between Υ * 511 and M V is still there. Stars and their surrounding environments are a favoured explanation for any present 511 keV emission (see discussion about Ret II below), though the electron number density in DSGs is a crucial but uncertain factor in theoretical estimations of the annihilation rate. 
Dark Matter Origin
The pronounced spatial peak of the 511 keV signal in the galactic centre has been confirmed and strengthened by recent results Article number, page 4 of 7 (Guessoum et al. 1991 (Guessoum et al. , 2005 Jean et al. 2009; Alexis et al. 2014) , the morphology would match the square of a host galaxy's DM density profile (e.g. Burkert 1995; Navarro et al. 1996; Merritt et al. 2006) . Interestingly, the peak of such a profile seen in 511 keV has been determined to be around (l/b) = (−1.25/ − 0.25)
• (Kuhlen et al. 2013; Skinner et al. 2014) . Vincent et al. (2012) found that Einasto profiles also fit the data well, assuming a DM halo centred on the galactic centre position. Upper limits on the 1-2 MeV γ-ray continuum Boehm & Silk 2008; Beacom & Yüksel 2006) limit the DM particle mass to m DM 7 MeV c −2 . These studies also conclude that the morphology of the signal precludes a decayinduced signal.
In the case of the DSGs, the signal would be seen by SPI as a point-like source, and the 511 keV flux, F 511 , would follow
J, assuming negligible positronium formation in the dwarfs, where σv is the thermally averaged cross section, m DM is the DM particle mass, and J the J-factor, see Eq. (2). Hooper et al. (2004) estimated that if the whole 511 keV emission in the bulge of the MW was due to the annihilation of light DM particles into e − e + -pairs, an observable 511 keV emission form the direction of Sag would be about 3-6 times smaller than in the MW bulge. In our analysis, this ratio is 42 ± 19, ruling out this hypothesis by ∼ 2σ, though it is worth pointing out that the flux ratio between the GCS and Sag is 3.5 ± 2.1. If the Sag signal is entirely due to DM, this would indicate a DM contribution to the galactic signal of ∼ 3%. However, more recent fits to the bulge emission require a DM annihilation cross section that is a factor of 5 (Ascasibar et al. 2006 ) to 10 (Vincent et al. 2012 times smaller. The updated J-factor for Draco (Ackermann et al. 2014; Evans et al. 2016 ) is furthermore ∼ 5 times smaller than what was used by Hooper et al. (2004) . This may also apply to Sag, although its morphological structure is more complex due to tidal stripping. Overall, this means that our measurement of the Sag flux does little to constrain the galactic centre signal.
Based on available J-factors (Evans et al. 2016) , and assuming in-situ positron annihilation and negligible positronium formation, the strongest constraint we obtain on a DM origin comes from Ursa Major II, due to its large J-factor. At 2σ confidence level, we derive
This constraint is still two order of magnitude above the cross section required to explain the entire MW bulge signal, and could be weakened even further if the density of interstellar gas is too low for e + s to efficiently find partners to annihilate with.
Reticulum II
The ultra-faint dwarf galaxy Ret II (Koposov et al. 2015a; Simon et al. 2015 ) is found with a significance of 3.1 σ. This is tantalising evidence for a bright source of positrons in Ret II, and among the other DSGs, Ret II might be special from the perspective of two different, maybe unrelated, measurements: Ji et al. (2016) measured strong enhancements of neutroncapture elements in stars of Ret II, and interpret this as the result of nucleosynthesis of heavy elements from a single enrichment event only, which then would have to be a neutron star merger. The same enrichment event could be a positron source, e.g. through evolving into an accreting black hole system, or else the existence of such neutron star binary also makes plausible the existence of a microquasar, producing e + s in flaring states. On the other hand, there are suggestions for a star formation connection: Geringer-Sameth et al. (2015) reported a 2-10 GeV γ-rays with Fermi/LAT at 2.3 to 3.7σ significance, and such γ-rays have been associated with star formation through cosmic-ray/gas interactions (Abdo et al. 2010; Ackermann et al. 2012 Ackermann et al. , 2016 . The effects of star formation are a non-negligible prerequisite for the 511 keV emission in the MW, as β + -unstable radioactive nuclei are produced mainly in massive stars and their supernovae, and definitely contribute to the e + -content in our Galaxy (see e.g. Diehl et al. 2006; Prantzos et al. 2011; Churazov et al. 2011; Alexis et al. 2014) .
At a distance of 30 kpc, Ret II shows a present-day positron annihilation rate (assuming a positronium fraction of 1.0) of (3.7 ± 1.2) × 10 43 e + s −1 . This value is at least as high as the one for the entire MW ((3.5 − 6.0) × 10 43 e + s −1 , see Paper I), and would support either the neutron star merger hypothesis of Ji et al. (2016) or the star formation picture of Geringer-Sameth et al. (2015) . Either case may have produced a huge number of e + s whose gradual, ongoing annihilation we now see in the ISM of Ret II.
Although the GeV excess in Ret II may also be attributed to DM particle annihilation, the Fermi/LAT data itself does not favour one or the other annihilation channel, because of the large uncertainty in the DM content (J-factor) of Ret II (GeringerSameth et al. 2015) . Furthermore, Ret II and the LMC are the only DSGs that show a high-energy excess, disfavouring a DM explanation of the signal, as otherwise more DSGs should have been detected (Ackermann et al. 2014) . Using the J-factors from Evans et al. (2016) , a DM-only interpretation of the 511 keV signal from Ret II yields a cross section that would require a galactic bulge signal ∼ 100 times larger than observed. Indeed, this would indicate that at most ∼ 1% of Ret II's signal is due to DM annihilation.
Conclusion
We reported a search for 511 keV electron-positron annihilation emission from the satellite galaxies of the Milky Way within 500 kpc. Out of 39 tested sources, we find a signal from only one galaxy, Reticulum II, with a significance of 3.1σ. The results for all other satellite galaxies are not in contradiction although not entirely consistent with statistical fluctuations of background. A combined (stacking) analysis of the satellite galaxies, assuming they share a common dark matter mass scale (Strigari et al. 2008a ), also does not yield a positive signal, and we provide a 2σ upper limit on the dark-matter related 511 keV line flux of 1.4 × 10 −4 ph cm −2 s −1 . For a subset of galaxies with available masses and J-factors, we estimate a mass-and distanceweighted upper limit on the flux of 2.3 × 10 −4 ph cm −2 s −1 (see included galaxies in Tab. 1). Even when we tentatively accept all marginal signals, the measured fluxes do not scale with the distances to the satellite galaxies. Furthermore, the closest satellite galaxy in our sample, Canis Major, does not show any signal (< 4.1 × 10 −5 ph cm −2 s −1 at 2σ), though it might be influenced by extended emission from the galactic plane.
We have established a firm upper limit on the 511 keV emission from a dark matter origin, though more sensitivity will be required to test the dark matter hypothesis as the origin of the signal. The case of Reticulum II and the 511 keV signal from this galaxy cannot entirely be attributed to dark matter; other origins related to star formation or a single neutron star merger (Geringer-Sameth et al. 2015; Ji et al. 2016) , are thus more plau-sible. Furthermore, we have used the constraints for the galactic centre 511 keV signal to show that the Reticulum II signal cannot be from dark matter alone. Understanding the signal of this dwarf galaxy may give clues about the true origin of the Milky Way bulge signal.
